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Atm o spheric c orr ection algorithTn Sfo r o c e a n c olo r
data a r epr e se nted. T his pape rpropo s e stw o slユbje cts
in o rde rto a chie v占bette r atm o spheric c o r r e ctio n. On e
i6 a retrie valprocedll r efo r atm osphe ric ae r o s olsby r e-
fe miIlg tO both ofr adia n ce and polari乙atio llgl V e llby ･
A D E O S/O C T Sa nd P O L D E R. T he othe risintrodtlC-
tio n ofa,tm o spheric c o r re ction co e瓜 cie nts. Ou r a･tm o-
sphe ric cor rect_
io n
,
whicll is ba sed on ridiativ etr a n s-
fer proce s sill an atm o spher e- o cean m odel involving
the retrie ved aer o s ol distribtltio T1
,
is a.p plied fo rthe
O C T S- o c ea n c olo r_data .
Itis sho w nthatr etrie valofa･tm o spll eric a e ro s olsis
im pro v ed by c o lnbin a･tio n u s e ofr adian c e and polariz む
lio n
,
and atm o spheric cor r e ctio n pr o c e s si pr ogre s s ed
by u slng the c orr ectio n coe瓜 cie nts.
1, I N T R O D tJC T ION
At皿 O Spheric corr e ctio nis the pr o c e s s Ofrem oval
of c o nta min ated atm o sphe ric light王r o rzI Space -bor n e
data. T he Japane se s atellite A D E O SW a s tl nfortll-
n a,tely te n- m o nths life bllt pro vided tLSwith valu able
infor m ation of Eartll envir o n m e nts sinc eA ugtlSt 1 7th
in 19 9 6･ A D EOS/OC T S(Oc e a nColor Tem pe r a.tlユre
Sc 弧 n e r)is til e S e c o nd o c e a ncolo r s e n s o rin eighte e n
.
year s sin c ethe 且rst N im bllS-7/C Z C S. Furthe rrn o r e
o c e a nc olo rre m otes e n singi日 eXpe Ctedto pr ogre 日S with
Se aWiF Softhe US A
,
which w a s sll CCe S Sfu lly a 皿 nChed
o n Atlgll St 1in 19 97[1]. At this tim e w e focu日 0 1r at-
te ntion on atm ospheric c o r r ectio nfor oce a n c ol rdata .
Atrn o sphe ric c or r e ctio nis a key fa cto r e spe ciallyfo r
o c e aJI C Olo ran alysis【2, 3], be c a･n s etheモo ntributio n of
atm o spheric light to the Satellite data l S abo llt 8 0 to
9 0%in the visible w a v el ngths o v e rthe o c ean .
Sin c e atm o spheric lightis m ainly du e to m ulti-
ple s catte ring by a e ro sols, a e r o sol m odelits elfco n-
tribute s gr e atly in atm o spll e ric c o rre ctio n [4]. It
is w ell kn o w nthat atln O Sphe ric a e r o s ols r e鮎 ct the
e rLVir o n m e ntal change . Narm ely a ero s ol cha ra cteris-
tics might cha nge gre atly ill tem po r al a nd r egional
sc ale s[5, 6, 7, 8】. T he r efor e the efEcie tlCy Of atrrlO I
spheric c o r r e ctio n str ongly depe nds o n ho w w e can
s et llp a n ap propriate a e ros ol m odelto the s atellite -
irll age C O n C erIl ed. First aero s ol char a cte ristic s a 1_
･
e l
･
LL
t rie v ed ll Sing both of r adia n c e a nd pola riz atio ngiv e n
by A D E O S/O C T Sa nd P O L D E R.
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Ou r atm o spheric c o r re ctio n is ap plied for the
OC TS o ce a n c ol rdata ･ tlere r adiativ etr ansfe rpro-
ce s sin a n atm o sphe r e10 C e a nm odel in v olving the re-
trie v ed aer o sol distributionis sim 11ated. W e ha vein_
trodtl C ed a nide a ofatm o sphe ric c o r r e ctio n c･ o etScie nts
,
which r epr e s e nt the vallle S Of a. r atio ofthe w ate rle a f_
ing r adian c eto the obs e rved radia n c eat the satel_
1ite【9]･ Na m ely the atm o spherical ly c o re cted im ages
ar e obtain ed by n tlltiplic atio n of the c alc ulated c o_
efBcie nts to the r a w o c e an c olo rdata . T he e xpe cted
chlo r ophyllm ap n e a rthe s e a岳u rfa c eisderivedthr o ngh
bio - opticalalgo rithm sin te rm s of o c e a n c olo rdata.
2 . A E R O S O L R E T R IBVA 工′ B A S E D O N‾
AD E O S/O CT SA N D P O L D玉:氏 D ATA
It is w ellk710W n that a e ro sols c o lltribute gr e atly
in the atzno sphere by s c atte ri ng and abs o rptio rlin the
visible a nd rl ea rinfr a r ed regio n of spe ct ru m . This
w o rk pa rtly cites aJe r O 8 0lr etrie valu sing 】1e a r血 fra r ed
data giv e n by A D E O S/O C T Sa zld･P O L D E R. The
P O L D E R(P O Lariz atio n a nd Dire ctio nality of Earth
Refle ctanc e)is one ofthe s e nsors o nbo a rd the s atellite
A D E O S
,
and aim s to c ollect glob al- s c ale visible aJld
n e a r-infra red ob6e r V atio n畠 Ofpola ri2.ed and dir e ctio nal
sour r adia n c e r e且 cted by the Ea rth- atm o 6phere･
s u rfa c e system [1 0]･ It is sho wn that
.
a er osolr etrieval
c a nbe e瓜ciently ptl r S u ed wi th polan zatio n, be c a n se
pc,1a･riz ation fe atll r e Str o ngly depe nds on the c'ptic al
pr ope rtie s ofpa rticle s(l l,
Itis fo undthat, in the n e ar-infra red w a v eleTlgths.
a c ontributio n ofradiatio n o lltOfthe oc e a nto to七alra･
diatio nis n egligibly s rnal1a nd opticaltllickne s s ofthe
atm o sphe r eis als o s m aユ1【1 2], T her efo r eitis po ssible
to a s stlm e that til eim age sin tlle ne a rinfr a r ed ap-
pr oxim ately r epr esent the single s c atte rlllg patte rnby
atm ospheric c onstitll e ntS. T hll Sthe rn e a B tlre m e ntS Of
O C T S-a71d/o rF O L DER- ba 血d 6(0.67F m)a nd ba nd8
(o･865lL m)a r eチvailable to r et rie v ethe a e r o s olcha r ac
･
teristics
,
e･g･ , si z e and r efr a ctiv einde x. A single s c at･
tering pha s e m at血 is expre s s ed by Stoke spa ra m et rs
(Ⅰ, Q, U, Ⅴ)alld co m po s ed of Rayleighs c attering b)
m ole cula rga se s aJld Mie s c attering by a e r o R OIs, Th(
valtl e S Ofthe pha s em at rix elem ents stronglydepe ndor
the cha r a cteristic s of a e r o s ols be ca ll S e Ofthe ll Iliforzl
distribution of m ole ctllaLr ga S e S･ A sillgle-m ode log･
n o rm alr eprf･S e ntatio n withtw o pa r am eter s, the m od･
r adiu s(チ)and the wi dth oftlelog- n o rm al c u rv e(q)
is c onside r ed he re for o Tl e Ofthe m
o st widely n s ed siz e
distribtltionsI T htl畠itbe c o mes o llrpu rpo s etO r et riev e
(千,q)for thelog
- nor mal distributio n･
It is natu ralto c on side r that s e v e ral kiTlds of
a eros ols c otl de xist togethe rin ge n e ral･ In this 畠e Ctio n,
w etakeinto a c c o unt hete r oge n e o u spaLrticle sfor ma r
-
itim e a e ro s ol m odel6･ Wo rld Mete o r ological Orga rliz a
-
ti.n[13]pr o vide s astaJlda rd m a ritim e ae ro s ol m odel,
which is rn ainly c o mpo sed of o c e a nic(O C)a nd w ate r
s.1uble(WS)c om pone nts 1 Oc e a nic type de n otes s e a
-
βalt s olutio nin w ate rl and w ate r
- s olnble ty pein chlde s
w ate r-s oluble stlbsta n c e s c o nsisting of a m m omiu m sll
-
fate, calciu m sllfa･te a ILd o rga nic com po ll nds･ T ha
t is
,
w ea s s um e no w the mari tim e a e r o s ol a r eco m po sed of
o c ea nic c o mpo n ent a nd w ater
- s oluble o n e. The miⅩ-
ing rules ofse v eralc om po n e ntsinto a spheri
calshaped
heteroge n e o u sParticle ll a V ebe e npre s e nted
by s e v e ral
a tlho rs, e .g. M a xvel
- Ga r nett(M G)the ory, B rug ge -
mrtthe o ry a nd
c o r e- m antle ty pe[14･ 1 51･ Sin c ethese
mlXing ru1e Bhave be en alr e ady adopted 払r a str ophys-
ic al grain s, de s c riptions of e a･ch the ory a r e omitt
ed
a nd M Gthe o ry is em ployed in o u rpres ent simula-
tioIIS. T hat is, a hete roge n e otl Sgrain m odelacc o rding
to M AD( W el - Ga rnettmixi11g ru1e as sm al lw ater
- soluble
(w s)in cITLSio n sin a n o ce a nic(O C) m atrix where the
v olⅦ m efra ctio n of W S 血du sion sis r epr e s e nted byI,
is exa 皿ined for atm ospheric a e rosols･
Here a n e瓜:lent dgorithm for ae r o s ol r et rie val is
de v eloped u sing a･ r atio ofthe r adianc edata at ba nd
8 to that atban d6 on e a.cllPixelof an im a･ge of inte r
-
e st. Na mely the w a v el ngth te nden cy lS available to
r etrie v e a e r o sol char a-cteristic s. On the othe rha nds,
vie w a ngle s of 6 un a nd s atellite o n e a ch pix el ofthe
im age cor re spo nd to a ngle s of incide nt a nd s c atte r ed
light in point ofsc atte ring pro c e s 6･ h othe r w o rds,
e a chpix elofthe 血 age giv e s e a ch s c attering a ngle･ In
otlr Sim ulatio n s, a ratio ofthe scatte r ed light at ba nd
8 to that at band 6 c an be calculated for a n arbitr ary
s c attering a ngle if a m odel of attnosphe r ein v o
/lving
a e ro s ol m odel i8 βet tlP･ T he refo rew e c a 皿B ay-that a
s c atte rlllg an gle c o r relate s r adi an c e of a pixelofs atel-
liteim age with a sim nlated valu e ofatm o sphe riclight,
a nd 6 0iti6 po ssible to determine the be st a e r o s olp
a -
ram占te rs at e a ch pix el by c om paris o n ofobs e r v atio I S
wi th sim ulatio ns . T lms botll Of spe ctralinform ation
a nd dir ecti. naユinfo r皿 atio n ofthe s atellite data a r e
tLS edto r etrie v e a e r o s ol distriblltion .
Fig･1 pr e s e nts a retrie v ed distributio n ofthe
op
-
ticalthickn e 6 S Of a e r o s ols at a w av ele ngtll Of O15 5lLm ･
ba s ed.n a r ati｡ of ba nd8 to ba nd6 o n e a chpixeloftll e
O C T Sim age on April2 6, 1 9 9 7o ver the Pa cific Oc e a n
ll e arJapa 且. In thisfigu r e ahete r ogene o ll S .nOdel with
(I = 0,1,(r = 0.2 5JL m, 0- - 2 12J -)), Whichis na m ed
m odel- A he r e afte r
,
is sele cted as ago od c早ndidatefo r
a n a e r o sol m odel. Ce rtainly s om e othe rgrain m od
-
els c a tl also provide r.e a so n able a ero s olopticalthick
-
n e ss. T hat is
,
m odel-A is o n e c a Jldidateto eコ【Plain the
O C T S- ra-dia 皿C edata . The refor ethe ae r o s ol m odel- A
is eコくamin ed n eコくt ll Singthe polari2;a.tio n data sim 11ta,-
n e oll Sy obs e r v ed by P O L D E R. Fig.2a. pr e sentsthe ob-
s e r v edpolariz ation degre e aヤa w a v el ngth of(O167pm)
o n April2 6in 19 97a nd Fig･2bsho w sthe sim tl atedim
-
age ugingthe m odeトA. By co mpariso n withthe s etw o
im ages, we found that the m odel- A c a n e xplain the
P O L D 瓦R-pola rization data一.
It is of inte r e st to m ention tha.t a ny othe rgrain
m odels a v ailablet or adia JL C edata by O C T Sa r en otim -
po s sible to inte rpr et the polarization by P OLD E R･ In
othe rw ords m odel- A is a.A optimized a e r o s ol m odelre -
trie v ed fro m both of O C T Sand P O LI) E R data ba s ed
o n s ca.tter lng Sim lla･tionsin the polari乞a･tiorlfield･ In
ge n e ral, it iB n a･ttlralto con side rthat not o nly optical
thich es s of ae r o s ols bTlt als o their che micd co mpo -
sition and size distributio n v ary wi th pixelto pix el
witllin an im ag8 ･ At any r arte, s u ch a pr e s e nt algo
-
rithm a sboth of im age s ofradia n c e a rid pola riz atio l
a reinterpreted･by t1 8ing the v ariatio nofopticalthick-
n e s s of o ne a eros ol m odel is on e ap pr oach to a e ro sl
retrie val. T lm6 W eC an C OnClllde tha.i the m odel-Ais a
go od ae r o s ol m odelov e rthe Pa･ci丘c O 由皿 n ea∫ Ja･pa n
o n April2 6, 1997･
Fig･ 1 A r etriev ed distri blltio n ofthe opticalthickne s s
of a ero s ols at w avele ngth O･5 5ILm ba sedon a r atio of
ba nd 8to b and 6 o n e a cll pixel oftil e O C T S im age
o n April26, 19 97 ov e rthe Pa ci五c Oc e a =L n e a rJapa n,
whe r e ahete r oge IL e O tl Sgr ain with if = 0･1,(r -
o .2 5lL m,0
･
- 2.2ILm))is set up fo r a nae r o s ol m odel･
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Fig･ 2 Pola 血 ationdegre e at a WarVele ngth of(0,67FL m)･
a :P oll)BR da 血 obse rved o n April26, 1 9 97 over the
Pa ci丘c Oc e a nnear Japan .
b: sim ulated re sults tl Sing the san e aer o s ol m odel a8
Fig.1.
3. A T M O S P II E R IC C O R R 耳C T I O N
Ollr a･tm O SPheric corr ectio ni8 based on m 11tiple
s ca･tteritlg Calc11la･tio n 8･ T he refo re r adiativ e tr a n sfer
pr oble min a n atm ospher e- o c e a n model involving the
retrie v edae r os ol m odel ha･sto be n tll n erical1y 8 01v edto
obtain the valtle$ Ofa.tm ospheric c orr e ctio n c o eiRcie nts
a. T he v alu.iof a i8 Obtain ed fro m a, r atio ofthe w a.te r
lea.ving radia nce to the observ edra.dia nce at the S atel-
lite. T he C - v altl eS depend o nthe phce of e a ch pix el
in a s atelliteim a･ge a BW ella B W aV elength･ Atm o spher-
ically corre cted im age s a r e obt ained by mlltiplic atioI1
of a_ values 七o 七he r a w s &tellit.e da,ta .
h ollr pr e s e nt Calculatio I S, the model- A i8 e m -
ployed for a n ae r osol m odel. T he s e a. stlrface is sim -
tlated by m ultiple fa c ets who s e Slope s v a ry acco rding
to thei80tr Opic Ga ussia ndistri btLtion with r e spe ct to
wind Speed【1 6】. W ind speed i5 aS Sllm edto be 5m/se e
a s aty picalvalll efor a clea rday, Se v e ralo ce a n m od-
els hav e be e71pr epar ed. Fo r exa m ple, o ne ofthe m
is 8. CO mpletelydi瓜1 S ed m odel, n 8 皿 ely tlpW ard r adi-
an c eollt Ofthe o c e anis repre se nted byLa mbert
7
slaw .
M ultiple sc attering for the a′tm osptlere, Oc ean m odelis
solv ed by the ad.ding-dollblin g m ethod.
C hlo r ophyll de n sitydistriblltion n ea rthe s e asur-
fa c eisderiv edthro llgllbio - optical algori thm sfo r o c e a.rL
colo rdata a sfollows;･
c hlo r ophyll= 0.28 1 8((Rado.5 2 0＋Rad. .s 6 5)/Rad｡ .4 9 0】3･4 97
(1)
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where Bad repre sents the radianc e afte r atm ospheric
co r rectio n at w a v el ngths of 0.4 9 0, 0 ,52 0 and o.565
Jim 【1 7. 1 8]･ Fig･ 3 r epres ents the expe cted chlor o-
phyllm apin tmits ofFLO/I. Fto m this 且gu rewe follnd
that ou rtr e atm ent pro vide sthe intrin sic str eam s of
Ku r o shio(w arm c tl r ent)a nd Oya shio(c oldcur re nt)
in the Pa cific Oc e a n. T hatis
,
the cha racteristic 且o w
patte rn ofthe s e a sll ria c ein the la･te spring is cle a rly
di畠pla･yed, for exa m ple tid al fr o nt go e s tip tO Se ndai
Bay andty picaled dies a r e ap pe a r ed oq San ri kll C OaSt
e上c .
Fig.3 Expe cted chlor ophyllm ap n ear the s e a s urfa c ein
tmits ofFL9/i fr o mthe O C TS data on April2 6, 1 9 7.
4. D IS C tTS S I O N S
Itis foll nd that a n e銀 cie ntatm o sphe ric c o rre ctio n
fo r o c e a n colordatais p11 r 6 n ed dlletO impr o v ed a e r o s ol
r etrie valby c ombin atio n of P o ll)E Rand O C TS, a nd
em ploym ent ofatm ospheric co r r e ctio n c o e氏 cients.
It is n atllral to co nside r that s e v e ral kinds of
ae r os olc om po n e nts exist together with. Btltit is difB-
c 1 t to dete rmin ethe mixl ng Structu r eOfeacll C O mPO
-
n e nts ･ At a nyrate,fro m pr ese nt w o rk, w e c a n s aythat
sllCh a M a xwell-Ga. rn ett miⅩing r11e as s mal w ate r-
soluble(W S)in clu sio n sin ano c e a Jlic(O C)m atrix is
available to interpr et the spa ce-bo n edata, a nd po -
1ari姐 tio ninfo r m atio nis 11 S efu 1to im prov ethe a e ros ol
r etrieval,
A C I(N O W I.E D G M 丑NTS
po L D E Rdata was distributed by C N ES ill
Fra nce . T his wo rk w a spa rtial ly s up po rted by N A S D A
(psp c-2 0 170), a nd als o by s cie ntific r e s e a r ch fu nds
from the M inistry of Edu c atio ll, Scie n c e a nd Ctltu r e
ofJapa n(0 76 4 05 79)･
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